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Background: The aim of the present study was to compare one-year-follow-up data on disability and health-related
quality of life (HRQoL) between spinal fusion patients and age- and sex-matched general population.
Methods: The data on fusion patients were collected prospectively using a spinal fusion data base in two Finnish
hospitals. A general population sample matched for age, sex and residential area was drawn from the Finnish
Population Register. All participants completed a questionnaire and the main outcome measures were the
Oswestry Disability Index (ODI) and the Short Form-36 questionnaire (SF-36).
Results: Altogether 252 (69% females) fusion patients and 682 (67% females) population sample subjects
participated in the study. In general population the mean ODI was 15 (SD 17) in females and 9 (SD 13) in males.
The corresponding preoperative ODI values were 47 (SD16) and 40 (SD 15) and one year follow-up values 22
(SD 17) and 23 (SD 20). In both sexes the ODI decreased significantly after surgery but remained higher than in the
general population, p < 0.001. The physical component summary score (PCS) of the SF-36 was lower in the
patients than general population sample both preoperatively and at one-year follow-up (p < 0.001). The mental
component summary score (MCS) was lower preoperatively (p < 0.001), but reached the general population level
after one year in both men (p = 0.42) and women (p = 0.61).
Conclusions: Disability and HRQoL improved significantly after spinal fusion surgery during a one- year follow-up.
However, the patients did not reach the level of the general population in the ODI or in the physical component
of HRQoL at that time, although in the mental component the difference disappeared.
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With the ageing of the population, an increase in degen-
erative spine conditions and the number of surgical pa-
tients can be expected [1]. Although instrumented spinal
fusions have been performed since the early 1960s, these
procedures remain controversial owing to inconsistent
responses to the treatment [2,3]. In the field of spinal fu-
sion outcome research, most earlier trials have com-
pared surgical methods and assessed the success of the
surgical procedure itself. However, over the last few* Correspondence: pekkanen.auvinen@fimnet.fi
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reproduction in any medium, provided the ordecades there has been a trend towards the use of
patient-reported outcomes (PROs) in evaluating the out-
come of fusion surgery in addition to physical examina-
tions, imaging or clinical outcome scales. Recently, the
routine administration of certain instruments in connec-
tion with low back pain and surgical treatment has been
recommended [4,5]. Condition-specific disability mea-
sures like the Oswestry Disability Index (ODI) should be
used before and after surgical treatments. When evaluat-
ing surgical outcomes in the clinical-research setting,
Health Related Quality of Life (HRQoL) tools, such as
the Short-Form 36 (SF-36), Short Form 12 (SF-12) or
EuroQol Group (EQ-5D) should be used [4].ral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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ive relief of symptoms and disability continues to be
lacking [3]. In defining success after spinal fusion opera-
tions, calculation of the minimum clinically important
difference (MCID) in PROs has been suggested. This
method has limitations; for example the MCID values
may differ according to multiple factors, such as origi-
nal spine pathology, the method of treatment, sample
size and patient-characteristics, e.g. baseline scores [6].
Another method that has been proposed is based on
prospective minimum goals established by individual pa-
tients themselves. In the study by Carragee et al. isthmic
spondylolisthesis patients and degenerative disc disease
patients preoperatively indicated their expectations
concerning level of function (ODI), work capacity, pain
intensity and medication requirement [7]. One of most
recent attempts to solve the difficulty in defining clinical
success after spinal fusion operations is to analyze
whether the patients reach the level of the general popu-
lation in certain PROs. To our knowledge only one study
by Mokhtar et al. [1]. has used this method. Prospective
data on 100 patients undergoing spinal fusion were col-
lected using the SF-12 questionnaire, and the results
were compared to those obtained for a sample of the
general population. No disease-spesific disability meas-
urement was used in this study. As only limited amount
of information exists on the use of this method, so there
is a clear need for further studies.
The aim of the present study was to compare disability
and HRQoL among spinal fusion patients within one-year
follow-up with the values of an age- and sex-matched
population resident in the same district.
Methods
Since the beginning of 2008, all patients undergoing
spinal fusion surgery in Tampere University Hospital or
Jyväskylä Central Hospital have been recruited to a pro-
spective follow-up study.
In August 2010, the spinal database comprised 285
patients with the 6 most common diagnoses for elec-
tive spinal fusion. These diagnoses were degenerative
spondylolisthesis, spondylolysis, spinal stenosis, disc her-
niation or degeneration, postoperative conditions and
degenerative scoliosis. Disability and HRQoL measures
were available preoperatively and 3 and 12 months post-
operatively for 252 of these patients (88%) all of whom
were included in this study. Six surgeons had performed
the operations, and in most cases in teams of two
surgeons.
The cohort of spinal fusion patients was compared to
a general population sample matched according to age,
sex and residential area. Four controls for each of these
fusion patients was drawn from the Finnish Population
Register and the sampling was performed by theStatistics Finland. A questionnaire was mailed to 1 140
controls in September 2010, and one reminder letter
was sent two months later. After one reminder letter,
the percentage of returned answers was 61% (n = 691)
and the number of acceptable answers 682.
One to two weeks prior to the fusion operation, the
patients filled in a questionnaire requesting sociode-
mographic and clinical information, for example weight,
height, presence of co-morbidities, exercise habits,
smoking and employment status. The main outcome
measures were the Oswestry Disability Index (ODI) and
the Short Form-36 Questionnaire (SF-36). The ODI is
one of most widely used back-specific disability meas-
urement tools in both clinical work and research.[8,9]
According to the original publication, the scores are
grouped into five categories: 0–20 minimal, 20–40 mo-
derate, 40–60 severe disability; 60–80 crippled and
80–100 indicates that the patient is either bed-bound or
exaggerating his or her symptoms [8]. The Finnish vali-
dated version 2.0 of the ODI was used [10]. The SF-36 is
a generic patient-assessed health outcome measure for
health-related quality of life with eight dimensions
reflecting patients’ health and welfare. The SF-36 score
also divides into two summary measures: the physical
component summary score (PCS) and the mental com-
ponent summary score (MCS). The dimensions Physical
Functioning, Role Physical, Bodily Pain and General
Health form the PCS, and Mental Health, Vitality, Social
Functioning and Role-Emotional the MCS. Version 1 of
the SF-36 qustionnaire was used on this study.
The ethical committees in Tampere University Hos-
pital and Jyväskylä Central Hospital approved the study
plan and all the participating patients signed a written
consent.
Statistics
Results are expressed as mean and standard deviation
(SD). Statistical comparison between the groups was
performed by t-test, bootstrap-type t-test (5000 replica-
tions), or chi-square test, where appropriate. Differences
in the ODI and HRQoL between the groups were deter-
mined using generalized linear models. Repeated measures
were analyzed using linear mixed models.
Results
The demographical and clinical data of the fusion pa-
tients and general population is shown in Table 1. Sixty-
nine per cent of the 252 fusion patients and 67% of the
682 general population subjects were females. In the
population sample, the mean age of females was higher
than in the patient group: 66 (SD 11) vs. 63 (SD 12)
years (p = 0.014). The mean age of males was 60 (SD 13)
years in the general population and 58 years in the pa-
tients (p = 0.43). In both sexes the body mass index
Table 1 Demographical and clinical data
Variables Female p-value Male p-value
Patients Population Patients Population
n = 174 n = 458 n = 78 n = 224
Body mass index, mean (SD) 28.1 (4.5) 26.9 (4.7) 0.0046 28.0 (3.8) 26.8 (3.8) 0.021
Co-morbidities, n (%)
Cardiological 100 (59) 197 (43) <0.001 37 (48) 81 (36) 0.065
Respiratory 24 (14) 51 (11) 0.29 4 (5) 15 (7) 0.64
Neurological 7 (4) 26 (6) 0.45 2 (3) 10 (4) 0.47
Rheumatoid 21 (12) 29 (6) 0.012 2 (3) 3 (1) 0.46
Diabetes 15 (9) 60 (13) 0.15 14 (18) 27 (12) 0.18
Psychiatric 7 (4) 18 (4) 0.90 2 (3) 7 (3) 0.82
Musculosceletal 10 (6) 48 (10) 0.080 1 (1) 7 (3) 0.39
Education, years, mean (SD) 11.3 (3.5) 11.6 (4.2) 0.33 11.5 (3.4) 11.7 (3.7) 0.78
Tobacco use, n (%) 17 (10) 46 (10) 0.99 13 (17) 42 (19) 0.72
Employment situation, n (%) 0.71 0.38
Employed 50 (29) 140 (31) 37 (47) 98 (44)
Unemployd 4 (2) 15 (3) 2 (3) 15 (7)
Retired 120 (69) 303 (66) 39 (50) 111 (49)
Leisure time physical activity
hours per week, mean (SD)
3.3 (3.7) 4.4 (3.9) 0.0019 4.7 (4.2) 4.6 (6.2) 0.95
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in the general population. The number of cardiological
(p < 0.001) and rheumatoid co-morbidities (p = 0.012)
was higher in the female patients than in the female
population subjects and the female patients were also
less physically active. In the general population, 5.7% of
the females and 8.0% of the males had spinal disorders.
In the general population, females had higher ODI
(15 (SD17)) than males (9 (SD 13)), (p < 0.001). In the
patients, the preoperative ODI values were 47 (SD16) in
females and 40 (SD 15) in males (p < 0.001) (Figure 1).
One year post fusion the mean change in ODI was −25
(95% CI −28 to −22) in females and −17 (95% CI −21
to −13) in males. However, in both sexes, the age-adjusted
ODI scores at baseline and at one-year were significantly
higher than the mean ODI values in the general popula-
tion (p < 0.001). The postoperative change in ODI be-
tween three months and one year was minor and not
significant in males while in females the change was
significant.
All the SF-36 dimensions in the general population
were significantly better than the preoperative values of
the patients, both in females and males, (p < 0.001).
(Table 2). In both sexes the preoperative mean ratio be-
tween the patients and the general population subjects
was biggest in the dimension Role-Physical. At the one-
year follow-up the female patients reached the popula-
tion level in Vitality, Mental Health and Role-Emotional,while male patients reached the population level only in
Vitality and Mental Health.
In the general population, the PCS of the SF-36 was
44 (SD 11) in females and 48 (SD 10) in males (Figure 2).
Among the patients the preoperative PCS was 26 (SD 7)
in females and 29 (SD 6) in males. At 12 months post
surgery, the change in the PCS was 11 (95% CI 10 to 13;
p < 0.001) in females and 10 (95% CI 7 to 12; p < 0.001)
in males.
In turn the MCS of the SF-36 was 52 (SD 11) in fe-
males and 53 (SD 10) in males in the general population.
The preoperative MCS was 46 (SD 13) in the female pa-
tients and 48 (SD 12) in the male patients. The positive
change in the MCS from the preoperative to 12-month
values was 7 (95% CI 5 to 8; p < 0.001) in females and 4
(95% CI 1 to 6; p < 0.001) in males (Figure 3). In the
MCS, both the female (p = 0.42) and male (p = 0.61) pa-
tients had reached the level of the general population at
one year post surgery, although, the difference in PCS
between the patients and the general population
remained significant (both sexes p < 0.001). In the pa-
tients, the changes in PCS and MCS between three
months and one year after surgery, were minor and sta-
tistically non significant.
Discussion
Our main purpose was to study the recovery of the





























Figure 1 The mean Oswestry Disability Index (ODI, with 95% Confidence Interval ) in the patients (■ ) and in the population
( □, dashed line).
Pekkanen et al. BMC Musculoskeletal Disorders 2013, 14:211 Page 4 of 8
http://www.biomedcentral.com/1471-2474/14/211compare our patients reported outcomes (PRO) to the
values of a matched general population sample. The re-
sults showed that despite considerable improvement
during the follow-up the patients did not reach the level
of the matched general population in either disability or
the physical component of the HRQoL.
To our knowledge, this is the first study where the
PROs of spinal fusion patients have been compared to
general population values. The general population sub-
jects showed minimal disability in the mean ODI scores
according to the original scoring, while the fusion pa-
tients’ mean ODI scores were preoperatively severe and
at one year after the spinal fusion surgery remained
moderate [8]. Therefore, inspite of recovery the disability
according to the ODI did not decrease to the level of
general population in our follow-up in males or in fe-
males. One explanation for this might be, that the pa-
tients undergoing fusion operation have often suffered
from longstanding spinal symptoms which may have
caused permanent changes to their life and behavior.
Interestingly the change in the ODI between 3 months
and one year was minimal. This finding suggests thatalready the early recovery at three months may probably
have quite high prognostic value when assessing the suc-
cess of the treatment, also over a longer period. This re-
sult is supported by a finding in the earlier literature
[11]. In a study of 96 patients undergoing spinal fusion,
pain measurements were conducted at 6 months and
then yearly over a total follow-up of 5 years. An interest-
ing finding was that the improvement in the pain scale
was biggest at 6 months and in the ODI at one year.
The improvements seen in this early phase were
maintained throughout the remainder of the follow-up
period [11].
In the present study, one of the main findings
concerning disability was that the mean levels of the
ODI had not reached the values of the general popula-
tion in either sex at one year post surgery. In com-
parison with the results in disability reported in the
literature, in a trial implemented at 5 spine centers
with 497 patients receiving one or two level spinal fu-
sion, the mean ODI improved by 22 points at one year
postoperatively. The preoperative level of the ODI var-
ied in different subgroups from 48 to 56 [12]. In the
Table 2 Health-related quality of life in population and patients preoperatively stratified by sex
Population Patients Mean ratio* (95% CI)













Physical functioning 70 (28) 28 (19) 58 (29) 2.6 (2.3 to 3.0) <0.001 1.3 (1.2 to 1.4) <0.001
General health 60 (22) 53 (20) 56 (21) 1.1 (1.1 to 1.2) <0.001 1.1 (1.0 to 1.1) 0.022
Vitality 65 (23) 45 (22) 64 (23) 1.5 (1.3 to 1.6) <0.001 1.0 (1.0 to 1.1) 0.41
Mental health 77 (19) 63 (21) 77 (19) 1.2 (1.2 to 1.3) <0.001 1.0 (1.0 to 1.0) 0.79
Role physical 64 (42) 9 (21) 44 (43) 7.9 (2.7 to 13.0) <0.001 1.5 (1.3 to 1.7) <0.001
Role emotional 71 (39) 46 (43) 67 (41) 1.6 (1.4 to 1.8) <0.001 1.1 (1.0 to 1.2) 0.17
Social functioning 82 (25) 46 (28) 76 (28) 1.8 (1.7 to 2.0) <0.001 1.1 (1.0 to 1.1) 0.004
Bodily pain 67 (27) 24 (15) 56 (25) 2.8 (2.4 to 3.3) <0.001 1.2 (1.1 to 1.3) <0.001
Male
Physical functioning 84 (22) 39 (20) 62 (26) 2.2 (1.9 to 2.4) <0.001 1.3 (1.2 to 1.5) <0.001
General health 65 (21) 56 (21) 55 (23) 1.2 (1.1 to 1.3) <0.001 1.2 (1.1 to 1.3) <0.001
Vitality 71 (22) 53 (23) 66 (24) 1.4 (1.2 to 1.5) <0.001 1.1 (1.0 to 1.2) 0.072
Mental health 81 (18) 68 (21) 76 (19) 1.2 (1.1 to 1.3) <0.001 1.1 (1.0 to 1.2) 0.074
Role physical 74 (38) 12 (21) 44 (43) 6.3 (2.1 to 10.5) <0.001 1.7 (1.3 to 2.0) <0.001
Role emotional 79 (35) 44 (43) 65 (42) 1.8 (1.5 to 2.2) <0.001 1.2 (1.1 to 1.4) 0.003
Social functioning 87 (20) 62 (27) 75 (36) 1.4 (1.3 to 1.5) <0.001 1.2 (1.1 to 1.3) <0.001
Bodily pain 75 (23) 30 (16) 55 (29) 2.5 (2.1 to 3.0) <0.001 1.4 (1.2 to 1.5) <0.001
*Adjusted age.
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ter randomized controlled trial where patients were
randomized into a surgical or a control group, 222
patients received spinal fusion either by non-
instrumented fusion, by instrumented posterolateral
fusion or by circumferential fusion. In the surgical
group, the mean ODI improved from 47 to 36 (p <
0.0001), at two-year follow up [13]. In a prospective
randomized controlled study of 111 patients with adult
isthmic spondylolisthesis the preoperative ODI scores
were not reported but at two years in the surgical
group the mean ODI score was 26 (95% CI 18.1 to
31.6) [14]. In our study at one year the mean positive
change of the ODI in female patients was 25 (95% CI
22 to 28) and in male patients 17 (95% CI 13 to 21)
and the corresponding mean ODI scores were 22 (SD
17) and 23 (SD 20).
In the present study, the spinal fusion patients reached
the values of their matched population sample in the
mental component (MCS) of SF-36 but not in the phys-
ical component (PCS). Preoperatively, the value of Role
Physical was highest in patients in both sexes in the
mean ratio analysis. At 12 months, Vitality, Mental
Health and Role-Emotional were the only dimensions inthe female patients that reached general population
values. In males, this was true only for Vitality and Men-
tal Health. Interestingly, the Pain dimension was still sig-
nificantly worse in patients at the one-year follow-up
compared to the general population. This prompts the
question: how should we manage the physical aspect in
the long term recovery. The earlier literature includes a
multicenter study with 497 patients undergoing one- or
two-level spinal fusion with several techniques. The re-
sults showed an improvement in mean PCS of 9.9 points
over a one-year follow up [12]. This finding is confirmed
by our study in which the mean PCS improved by 11
(95% CI 10 to 13) points in females and 10 (95% CI 7 to
12) in males in one-year follow-up. Another study with
100 primary spinal fusion patients who received decom-
pression and single-level posterior lumbar interbody fu-
sion reported HRQoL scores in both the PCS-12 and
MCS-12 that approached the Australian population
norm over a follow-up varying from 12 months to 5
years [1]. The mean postoperative PCS-12 score was 39
(95% CI 37 to 42) and MCS-12 score 52 (95% CI 50 to
55) as compared with the corresponding population
norm values of 44 (95% CI 43 to 46) and 54 (95% CI 53

















































Figure 2 The change in the Physical Component Summary Score of SF-36 in patients ( ■) compared with the population sample
( □, dashed line). Results are mean with 95% Confidence Interval.
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of fusion operations.
After spinal fusion operations it is seldom a realistic
goal to expect that all of the disability will disappear. It
is also obvious that the level of disability, and hence
quality of life, depends on various factors such as pa-
tient’s age, possible chronic neuropathic pain, and other
possible diseases in addition to spinal disorders. How-
ever, in the present study, the prevalence of diabetes or
most of the other co-morbidities, was similar in patients
and in the general population. Interestingly only cardio-
vascular and rheumatoid diseases in females were more
often present in patients than in the general population.
Patients who have undergone spinal fusion may also get
other sources of pain like osteoarthritis of hip or knee
and these reasons may confuse the answers in thequestionnaires. Furthermore, in spinal fusion surgery,
complications and failed fusions may worsen the results.
Finally, in the evaluation of disability of the patients it is
essential to understand the level of disability in the
general population of same age and sex. This data is im-
portant in evaluating the influence of surgery for the pa-
tients and also in surgical decision making in individual
cases.
Study strengths and limitations
The present study includes register based, not selected,
consecutive patient material. The main strength of this
study is the comparison between patients and the
general population in disability and HRQoL scores. To
our knowledge, this is the only study in which the PROs















































Figure 3 The change in the Mental Component Summary Score of SF-36 in patients (■ ) compared with the population sample
( □, dashed line). Results are mean with 95% Confidence Interval.
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strength is the accurate timing of the data collection.
The preoperative data were collected one to two weeks
prior to the operation and the data collection timepoints
during the follow-up were strict. In addition, the popu-
lation based data were collected from the same residen-
tial area compared to the patients. In the analyses, fe-
males and males have been systematically stratified. This
is because the majority of the patients operated on were
females and because there was a significant gender dif-
ference in the ODI in the general population between fe-
males and males. A limitation in this study is the lack of
analyses stratified by surgical diagnostic indication for
the fusion operation. This is due the number of patients
in this material, which could have led to a too small
sample size in some of the diagnostic subgroups and
lack of statistical representation of the phenomenon.
3Another limitation is that as a part of the surgical pro-
cedure in our patients, also decompression through
laminectomy was performed whenever appropriate. This
might cause difficulty to determine how much of the
total improvement of HRQoL is caused by the fusion
alone and how much by the coexisting decompression
procedure. Further, a limitation is also the possible bias
in answering to the general population questionnaire.Would those general population individuals who have
back pain, reply more eagerly, making the observed dif-
ference between general population and patients smaller
than the true value? In the literature it has been shown,
that the life-time prevalence of back-pain in normal
population is even 84% [15]. This leads to thinking, that
even though there might be a bias in answering profile,
it is not affecting the results between the patients and
general population significantly. The follow-up in our
study was 12 months. This period of time seemed to be
sufficient to show, that results in disability and quality of
life stabilized after three months. Although a one-year of
follow-up indicated a trend towards recovery, further
follow-ups of several years are needed to evaluate the
longer term outcome.Conclusions
In this study the data of 252 spine fusion patients was
analyzed and compared with general population. Despite
the significant improvement during the one-year follow-
up in both disability and HRQoL, the patients did not
reach the level of general population in the ODI or in
the PCS. In the MCS, however, both female and male
patients reached the level of general population.
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